summary The objective of this study was to assess bone mineral density (BMD) in women on long-term mud-bath therapy (MBT) for osteoarthritis in a Salus per Aquam (SPA) environment. Two hundred and fifty female patients were randomly enrolled in this study in the SPA center of Sardara (Cagliari, Italy) where they were treated with a combination of daily full body mudpacks and bicarbonate-alkaline mineral water baths at cycles of 2 weeks/year. BMD was evaluated by means of calcaneus ultrasonometry (Sahara Hologic Inc., Bedford, MA, USA) and results analyzed according to duration of treatment and clinical variables. In the group of patients undergoing MBT for more than 10 years (group A) and for 3 to 10 years (group B) a reduced frequency of osteopenia and osteoporosis was detected (35.8% and 7.6% group A; 38.4% and 8.5% group B, respectively) compared to controls (group C) (48.9% and 23.4%, P<0.01 and P<0.001). Furthermore, higher T-score values were detected in group A and B (-1.05±1.28 and -1.24±0.94, respectively) compared to group C (-1.93±0.78) (P<0.0002 and P<0.0001). Similar results were observed in the analysis of data restricted to women in menopause only. Long-term mud-bath therapy in SPA environment appeared to be beneficial for BMD.
n INTRODUCTION M ud-bath therapy (MBT) represent a popular treatment for several rheumatic degenerative diseases, such as osteoarthritis, because of beneficial effects on the inflammatory pathway and bone metabolism which have been recently summarized by Fioravanti and colleagues (1, 2) . Several studies have demonstrated MBT clinical efficacy in treating osteoarthritis in several joint sites (3) (4) (5) , furthermore additional beneficial effects have been reported in patients with ankylosing spondylitis treated with anti-TNF alpha drugs (6), as well as in spondyloarthritis patients with chronic inflammatory bowel disease (7) . Osteoarthritis represents the most frequent chronic disease in the general population, with high prevalence in women after fifty years of age (24.4%, ISTAT, www.salute. gov.it). Because osteoporosis affects mainly women in the second part of their life, it has been questioned if MBT for osteoarthritis would be appropriate in this cohort of female patients. In the past it has been speculated that the heat stimulus could interfere with bone metabolism inducing an increase in bone loss, in this case MBT would have been considered not appropriate in osteoporotic subjects. Osteoporosis is a disease characterized by a complex and multifactorial pathogenesis, a decrease in bone mineral density and by an alteration in the microstructure of bone, which causes an increase in bone fragility and risk of fracture (8) . Osteoporosis is therefore a major health problem with a consistent and increasing social and economic impact. 'The Epidemiological Study on the Prevalence of Osteoporosis (ESO-PO) (9) has been the first epidemiologic study on osteoporosis involving whole Italy. This study has revealed a prevalence , is considered the most useful diagnostic tool and is assessed by means of dual emission x-ray absorptiometry (DEXA), which represent the gold standard for the diagnosis of osteoporosis, and by means of ultrasonometry (12) . This last non-invasive technique present several features to be considered an ideal tool for screening BMD measurement in a thermal environment: absence of radiation, no need of dedicated rooms, easy to be transported, low cost. Several studies performed on healthy and on osteoporotic women, have demonstrated that the ultrasonic technique is able to separate the two populations of women and also to predict the risk of fractures, similarly to DEXA (13, 14) . On this basis, the aim of this study was to evaluate BMD in a large cohort of women with osteoarthritis attending a Salus per Aquam (SPA) resort for MBT, and to analyze the results according to different clinical variables.
n MATERIALS AND METHODS
A cohort of 250 female patients with osteoarthritis, attending the SPA resort Antiche Terme di Sardara (Sardegna, Italy) clinic for MBT, have been randomly recruited over three years for this study. All patients were Caucasian, resident in the nearby area of the SPA resort. The patients were treated daily with a combination of full body mud packs applied for 20 min at an initial temperature of 45°C followed by bicarbonate-alkaline mineral water (Tab. I) bath at 38°C for 10 min, and by 45 min of rest, for a total of 12 applications carried out over a period of 2 weeks. Physical therapy schemes were not included in the protocol. Patients have been recruited randomly following referral from general practitioner to have MBT for osteoarthritis, according to the National Health Service guidelines. Patients with co-pathologies which may cause osteopenia have been excluded, as well as patients on drugs which interfere with bone metabolism (Tab. II). All patients have participated in the study on voluntary basis, providing informed consent, according to good clinical practice. During their stay in the SPA center all recruited patients underwent BMD evaluation by means of calcaneus ultrasonometry (Sahara Hologic Inc., Bedford, MA, USA) according to two parameters: T-score, number of standard deviation compared to the mean observed in young healthy subjects; Z-score, number of standard deviation compared to the mean in healthy subjects of the same age. The following clinical variables have been recorded: age, weight, height, age of menopause onset, number of pregnancies, previous fractures, therapy for osteopenia/osteoporosis, years of MBT. The BMD results have been analyzed according to: 1) years of MBT: 10 or more years, group A; three to nine years, group B; never treated with MBT or maximum two occasional treatments in their life, group C (control group); 2) onset of menopause: Yes or No. n RESULTS Analysis of T-score values in relation to time of MBT has revealed in groups A and B a minor frequency of osteopenia and osteoporosis, compared to control group C, in details: in group A (MBT >10 years) BMD values indicating osteopenia were detected in 35.8% and osteoporosis in 7.6%, in group B (MBT 3-10 years) BMD values indicating osteopenia were detected in 38.4% and osteoporosis in 8.5%, compared to control group C (48.9% and 23.4% respectively, P<0.01 and P<0.001). Table III shows T-and Z-scores in the studied groups. In summary, whole cohort analysis (Tab. III, upper grid) shows statistical differences in group A (T-score -1.05±1.28 SD) and B (T-score -1.24±0.94 SD), characterized by long term MBT, compared to control group C (T-score -1.93±0.78 SD). Z-score values analysis also showed statistical differences between group A and B compared to control group C (P<0.0001). Similar results were found when only women in menopause were included in the analysis, mean values of T-score and Z-score showed higher values of BMD in group A and B compared to control group C (Tab. III, lower grid).
n DISCUSSION
The results emerging from this study, although the limitations due to a crosssectional study, allow to draw several ob- servations on the extent of osteopenia/osteoporosis in a cohort of women on MBT in SPA environment.
-Rheumatic conditions which may benefit from thermal treatments, such as osteoarthritis, induce patients to start MBT after their forties, and this appear to be beneficial in terms of BMD (minor detection of osteopenia and osteoporosis, and statistical higher values of T-score and Z-score in group A and B, which regularly attended SPA clinics, compared to control group C). -In patients in stable menopause, a minor frequency of osteopenia or osteoporosis and statistical higher values of T-score and Z-score were observed in subjects, which regularly attended SPA clinics (MBT) compared to controls. Osteoporotic disease and SPA treatments can be approached in two ways: thermal treatments for osteoporosis or thermal treatments in patients with osteoporosis. Thermal treatments of osteoporosis may include calcium intake by means of mineral water (15) (for example in subjects with milk intolerance) in order to reach calcium daily need. Furthermore, it has been demonstrated that regular MBT does not increase bone loss processes, and that previous concerns were not confirmed. Several studies, performed in SPA thermal clinics in patients with osteoarthritis, have evidenced the protective effect of MBT on cartilage and bone by means of a significant reduction in serum levels of IL-1 e TNF-α (16, 17) , PGE2 and LTB4 (16) , cytokines involved in osteoclast recruitment and in mechanisms of bone reabsorption and inflammatory joint pathways (2) . Furthermore, a study performed on 40 female patients has showed an increase in serum levels of osteoblast function biomarkers after MBT, such as osteocalcin (bone GLA protein, BGP), produced only by osteoblasts, and bone alkaline phosphatase, considered to be a marker of new bone formation (18, 19) . On the basis of clinical and biological evidence we can therefore conclude that MBT not only is appropriate in patients with reduced BMD, but MBT may be considered as a complementary approach to drug treatment in patients with osteoporosis. Osteoporosis affect a considerable part of the Italian population after their fifty years of age, it is therefore important a primary prevention of the disease which should start since young age by means of healthy life-style, calcium and vitamin D rich diet, avoiding smoke and high alcohol intake, regular physical exercise. On this regard, in the interpretation of the results of this study showing a beneficial effect of MBT in BMD, we could not exclude the contribution of a further component: the subjects that have regularly attended the SPA clinics for MBT during several years may be more compliant patients, they could be more prone to follow an healthy life style that may reduce itself the occurrence of bone loss. On this regard we underline that the attitude of the patients to practice physical exercise has not been investigated. In summary the data emerging from this study, although with the limitations derived from a cross-sectional study, suggests that MBT not only is appropriate in women with reduced BMD, but it may contribute, probably by means of different mechanisms, to contrast the processes leading to bone loss. 
